lntegrin/extracellular-matrix interactions are central to the migration, localization, and subsequent function of lymphocytes within tissues. In hairy cell leukemia (HCL) the malignant cells display a highly characteristic tissue distribution in which interactions with extracellular matrix (ECM) are often prominent. Therefore, we used HCL as a model in which to investigate the poorly understood integrin/ECM interactions that underlie the migratory behavior of malignant B lymphocytes. Using a combined approach involving immunocytochemistry, flow cytometry, and immunoprecipitation analysis, hairy cells (HCs) were shown to have a consistent and distinctive phenotype (mainly a&, U&, a&. and cuV&). Furthermore, functional studies utilising adhesion assays, time-lapse video-microscopy and image analysis showed that the HCs displayed very specific adhesive behaviour in response to relevant adhesive protein ligands.
nant cells display a highly characteristic tissue distribution in which interactions with extracellular matrix (ECM) are often prominent. Therefore, we used HCL as a model in which to investigate the poorly understood integrin/ECM interactions that underlie the migratory behavior of malignant B lymphocytes. Using a combined approach involving immunocytochemistry, flow cytometry, and immunoprecipitation analysis, hairy cells (HCs) were shown to have a consistent and distinctive phenotype (mainly a&, U&, a&. and cuV&). Furthermore, functional studies utilising adhesion assays, time-lapse video-microscopy and image analysis showed that the HCs displayed very specific adhesive behaviour in response to relevant adhesive protein ligands.
IGRATION WITHLN and between tissues is an important aspect of the behavior of most normal hemic cells and their precursors. The processes that underlie migration within tissues are central to normal lymphocyte function, but also determine the distribution of disease in the different lymphoid malignancies. Initial cell localization at a particular site is dependent on specific lymphocyte/endothelial interactions. However, subsequent migration and accumulation, proliferation, and effector function are dependent on environmental signals received within the tissues.
It is becoming increasingly clear that signals which result from the interaction between tissue adhesive proteins and their specific integrin receptors play a major role in the tissue-specific localization of migratory cells.'!* Integrins are widely expressed on migratory cells of all types, whereas the adhesive protein ligands for these receptors show a characteristic distribution within a given t i~s u e ,~ and display a quantitative variation between different tissues! There is also evidence that certain of the adhesive proteins may be expressed on the surface of endothelial cells, where they may select or facilitate cell passage across the endothelial barrier.5 However, little is known about how lymphocyte/ extracellular-matrix (ECM) interactions within tissues affect B-lymphoid function, and almost nothing has been established regarding how these interactions influence malignant B-cell behavior.
Hairy cell leukemia (HCL) is a clonal expansion of mature activated B cells, with a particularly distinctive pattern of tissue infiltratioa6 Thus, the abnormal cells have a predilection for the bone marrow (BM), splenic red pulp, and hepatic sinusoids. Furthermore, the hairy cells (HCs) have long been known to be adhesive cells with a particular affinity for basement membrane^'^^ and reticular fibres of the BM and ~p l e e n .~ Therefore, we hypothesized that HCs might constitute a model through which to study the role of integrins and ECM in the behavior of B-lymphoid cells. In this report we show how integrin-directed responses to ECM components underlie the typical features of HCL. We suggest that the phenomena identified are likely to underlie the clinicopathologic features of HCL and to be of more general importance in B-cell biology.
M
Blood, Vol 84, No 3 (August l ) , 1994 : pp 873- 882 HCs were able to adhere to different extents on all the adhesive proteins examined, but, on laminin and collagen, binding was weak with little cytoplasmic spreading. In contrast, the cells showed strong adhesion both to fibronectin (FN) and to vitronectin (VN). On FN, the cells spread extensively with nonpolarized cytoplasmic projections, whereas on VN cytoplasmic projections were markedly polarized. This polarized morphology was shown t o refiect cell motility. Investigation of the role of individual integrin receptors in the cell movement response suggested that a & is the major integrin responsible for this motile behavior. These results are discussed in relation to the limited previous data on leukemic and activated B-cell integrins, and we suggest that the HC integrins play a significant role in the characteristic behavior of HCs within tissues.
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MATERIALS AND METHODS

Cell Sources and Cell Culture
Patient material. Cells from nine patients with HCL were used in these studies: all patients had typical disease as determined by clinical presentation, morphology, and tartrate-resistant acid phosphatase staining, and had typical immunophenotype. In all cases informed consent was given; in 8 patients material was obtained from peripheral blood, whereas in 2 of these cases and 1 further patient splenic mononuclear cells were obtained. Paraffin-embedded, formaldehyde-fixed splenic sections were prepared from spleens of one of the above patients with HCL.
HC isolation and purijcation. Cells were isolated by FicollHypaque (Lymphoprep; Nycomed, Oslo, Norway) density gradient centrifugation. In those experiments where highly purified HCs were required, samples were depleted using magnetic beads (DYNA-BEAD; Dynal A.S., Oslo, Norway) coated with antibodies to: CD3 CD14 CD16 CD36 CD42; after this depletion contaminating platelets, T lymphocytes or monocytes were all less than 1% as judged by alkaline-phosphatase anti-alkaline phosphatase (APAAP) staining of cytospin preparations.
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Blood Transfusion service, Amsterdam); and anti-8,: 1076 and antia, 13C1 (Prof. G. Bums, Newcastle, New South Wales, Australia). The following antibodies were purchased: anti-@, 4B4 (Coulter, Luton, UK), anti-a,: Gi9 (Immunotech, Marseille, France), anti-a-,: SAM-l, anti-8,: PM6/13 and anti-a,: AMF7 (Serotec, Oxford, UK), anti-MLA 1 (HMLI) (Dakopatts, High Whycombe, UK). Antihuman vitronectin and antihuman collagen IV MoAbs were purchased from Sigma (Dorset, UK). Two function-blocking MoAbs, anti-81 (MoAb 13),'" and anti-83 (MoAb RUU-PL 7F12)," were purchased from the "CAMFolio" range (Becton Dickinson, Oxford, UK). The MoAbs were used at a concentration of 50 pglmL. This concentration has previously been cited to inhibit integrin function and is in excess of that required quantitatively to immunoprecipitate integrins from 2 X lo7 HCs. Other MoAbs including class-specific controls were purchased from Becton Dickinson unless otherwise specified.
Second-layer techniques. APAAP reagents (Dakopatts) and fluorescein conjugated F(ab'), fragments (The Binding Site, Birmingham, UK) were used according to standard protocols. In the cell-adhesion assay peroxidase conjugated F(ab')* fragments (rabbitantimouse polyclonal from The Binding Site) were used. Immunocytochemistry on paraffin-embedded tissues was performed using an immunoperoxidase technique (Sigma Extravidin peroxidase kit) according to the manufacturer's recommended method.
Detection ofF-actin. Cell cultures on protein-coated cover slips were stopped and fixed for 2 minutes in 2% paraformaldehyde then permeabilized with methanol before staining with rhodamine phalloidin (Molecular Probes, Eugene, OR)." Preparations were mounted in 1:l glycero1:phosphate-buffered saline (PBS) and visualized using fluorescence microscopy at an excitation of (SS0 to 580 nm).
Radiolabeling and Immunoprecipitation of Integrins
Cell-surface iodination. Highly purified HCs (-10' cells) were surface labeled with 2 mCi Iz5I by a lactoperoxidase technique using glucose oxidase to generate hydrogen peroxide according to published methods.
Immunoprecipitation of integrins. Surface radio-iodinated HCs prepared as described above were lysed in 1% NP-40 lysis buffer in the presence of freshly prepared enzyme inhibitors (aprotinin 10 pglmL, phenylmethylsulfonyl fluoride [PMSF] 2 mmol/L, E64 10 pmol/L, iodoacetamide 8 mmoyL). Cellular debris was removed by centrifugation, and the solubilized material was extensively precleared with protein G Sepharose (Pharmacia, Milton Keynes, UK) alone (twice) and in the presence of irrelevant IgGl and IgG2b MoAbs (twice). The precleared samples were then specifically immunoprecipitated using anti-integrin or class-specific control antibodies.
Adhesive Proteins
The purity of proteins and fragments used in this study was determined to be greater than 90% using sodium dodecyl suifate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis and Coomassie blue staining of 8% polyacrylamide gels.
Fibronectin (FN)
. FN was purified by gelatin-sepharose affinity chromatography according to the method of Engvall and Ruoslahti" (fresh-frozen human plasma unsuitable for therapeutic use was provided by BTS Liverpool, UK).
Virronectin (VN). This was a kind gift from Prof G. Burns. Thrombospondin (TSP). TSP was freshly prepared from outdated platelet donations (provided by BTS Liverpool) using gelatin and heparin Sepharose chromatography according to the method of Lawler et al. '4 Laminin (W), fibrinogen (FB), and collagen (Coli). Human LN, pure FB, and type I Coll were purchased from the Sigma Chemical Company Ltd. Human Coll type I, 111, and IV were purchased from Chemicon (London, UK).
HC Adhesion Assay
A specific HC adhesion assay was developed using 96-well tissue culture plates (Nunclon; InterMed, Roskildon, Denmark). The plates were coated with adhesive protein by overnight incubation at 4°C. Coating was confirmed immunologically by specific MoAbs using an APAAP technique, and appropriate coating concentrations were determined by using radio-labeled tracer proteins. In all cases maximal coating was seen with protein concentrations less than 40 pg/ mL, so plates were routinely coated at this concentration. In some experiments a second incubation with heat-denatured bovine serum albumin was performed after initial coating; however this did not affect cell binding and it was not routinely used. Plates were washed with PBS and 10' HCs suspended in 100 pL of Hanks' balanced salt solution (HBSS) were allowed to adhere for 15 minutes at 37°C. Nonadherent cells were then removed by inversion washing using HBSS at 37°C then fixed for 2 minutes in 2% paraformaldehyde.
The number of adherent HCs were specifically determined by an immunoassay. An anti-CDllc MoAb was allowed to bind to the adherent HCs, this antibody was then detected using peroxidase conjugated F(ab'), fragments of antimouse polyclonal antibody with colorimetric analysis of OPD substrate development. Numbers of adherent cells were caicuIated by reference to a standard curve calculated for HCs as above and suspended at a range of cell numbers.
Coated Filter Migration Assay
Protein coating of jiiters. Nitrocellulose filters were soaked overnight at 4°C with specific adhesive proteins (VN 20 pg/mL, LN 20 pg/mL, FN SO pg/mL, Col1 50 pg/mL). Filters were washed in HBSS immediately before use.
Migration assay. Cells were washed and suspended in HBSS at a concentration of 2 X 106/mL and pipetted into the upper wells of a 48-well chemotaxis chamber (Neuro Probe, Cabin John, MD). The upper chamber was then placed on top with the 8-pm pore protein coated presoaked nitrocellulose filter between. Cells were allowed to migrate for 4 hours at 37°C in S% CO2. After this period the filters were removed and washed once in PBS, then fixed in paraformaldehyde solution (1 : 1 37% paraformaldehyde: H,O). Filters were stained with hematoxylin and cell migration was assessed by two observers using the second cell leading front technique on a calibrated microscope."
The number of cells migrating into the surface layer of coated filters appeared to be relatively independent of the coating protein. This allowed direct Comparison of results as the leading front migration analysis is relatively insensitive to small fluctuations in cell number."
Use ofMoAbs in cell migration assay. One hundred microliters of washed patient cells (2 X 107/mL) was incubated for 30 minutes at 4°C with specific anti-integrin chain MoAbs at saturating concentrations. The cells were then diluted to a concentration of 106/mL with HBSS and 50 pL of this suspension used per test (performed exactly as described above).
Image Analysis
Glass coverslips were coated with adhesive protein as described in the adhesion assay. The coverslips were then transferred to 24-well plates where HCs were allowed to adhere. Nonadherent cells were removed by washing and the remaining cells were cultured for 2 hours in RPM1 1640 medium with no added serum. Slides were then washed and fixed directly by adding 4% gluteraldehyde to the culture medium for 60 minutes. Cells were stained using Rose Bengal, the coverslips were then transferred to glass slides for image analysis.
An image analysis system (Improvision, Coventry, UK) was used to quantitate cell morphology automatically, without subjective hu- The preparations were scanned and images of 600+ cells were taken for each sample. To analyze these images the system used PRISMVIEW ANALYSIS SOFTWARE (Analytical Vision Inc, Raleigh, NC). The image from the slide was converted into a binary image. A selective deletion was performed by removing noncellular objects from the binary image on the basis of cross-sectional area. Because some of the cells were not stained completely evenly throughout the cell, a fill procedure was used to fill in the weaker stained areas. The morphology of each individual cell was then measured. The parameters that best described cell form in this study were selected from the multiple parameters available. These were: Area = 'l2 (X, Y,+, -Xr+, Yk); Fiber Length = Perimeter/;! -2 AreaPerimeter; Elongation = Fiber LengWWidth; Roundness = 4Ared~length~. A further measurement was used to determine the percent of motile cells on each substratum; this used a calculation of cell "roundness" performed in relation to fiber length. The roundnesslfiber length criteria were determined for a series of typical motile cells, and then the number of cells approximating to this the typical motile form was determined for each substratum.
Scanning Electron Microscopy
Cells were cultured exactly as described for image analysis. Preparations were then washed in PBS and fixed in warm 2.5% gluteraldehyde in 0.2 m o m sodium cacodylate pH 7.4 for 30 minutes. Preparations were then washed and desiccated before splutter coating according to standard protocols. Microscopy was performed using a Jeol JSM-35C (Tokyo, Japan). All EMS shown in this study were visualized at 35 kV and magnification of X 1,500 using 30" table tilt.
Statistical Methods
Filter migration assays were statistically evaluated using the Wilcoxon signed rank sum test using matched pair observations. Image analysis data were collated and analyzed statistically using SAS Version 6.04 (SAS Institute, Oxford, UK). The data were analyzed using an unbalanced analysis of variance ANOVA, F test. Applying the Tukey's studentized range test and the Waller-Duncan k-ratio ttest. The combination of these tests not only tested the differences between groups of data but also enabled the data to be grouped according to significant effects (Waller Grouping).
RESULTS
HCs Express Distinctive Matrix Binding Integrin Receptors
Flow cytometric and APAAP analysis showed that HCs express a range of matrix-binding a-and p-integrin chains.
In particular, a4, as, a", P I , and p3 integrin chains are all expressed in significant amounts (Table 1) .
Because cy4 and a, may associate with one of several alternate chainsI6-l9 and a4 may be expressed in different isoforms," we performed a range of immunoprecipitations. This also enabled us to look (by coprecipitation) for chains that we could not examine directly by specific MoAbs. of the newly identified integrin complex aml p7 (previously well described as the HC-specific antigen B-Ly-7)" p, can also form heterodimers with a4,U and it has been suggested that a4p7 may be the major a4 integrin on certain B lymphocytes.*' Figure 1C shows HCs express an additional chain of -200 kD (probably a1). An additional chain is seen to be coprecipitated with PI on the overexposed autoradiograph ( Fig 1B) ; the MW (-210 kD) suggests that this is likely to be a I (which has previously been reported on H&%). A summary of the HC integrins is presented in Table 2 , which also details the reported ligand-binding specificities of these integrin~.'~
HCs Display a Characteristic Pattern of Binding to Purijied ECM Proteins
Using a specific multiwell adherence assay, we examined the ability of HCs to bind to the purified adhesive proteins identified as potential ligands in Table 2 . shown to bind strongly to FN and VN, with weaker binding to other substrata (in the case of collagen binding was minimal). Binding to adhesive proteins was very consistent and there was no significant variation between cases (Fig 2) .
Different Protein Substrata Induce Characteristic HC Behavioral Responses
We were interested to see if engagement of the different HC integrins mediated different cell responses. Because four of the substrata (FN, VN, LN, Coll) represent ligands for the different HC integrins, these were selected for further study.
Cell morphologies differ according to substratum. We observed significant differences in HC morphology on the different substrata-namely, polarized spreading (VN), nonpolar spreading (FN) , and roundktellate adherence (Coll and LN). This is shown for representative HCs by scanning electron micrograph (Fig 3) . Nevertheless, a range of cell appear- Typical morphologic responses are accompanied by dqferent patterns of actin polymerization. Integrin-evoked cell responses are often mediated through cytoskeletal reorganization:6 and such reorganization may differ for different integrins.
Striking cytoskeletal differences were apparent in relation to the different substrata (Fig 4) . VN induced a pronounced peripheral distribution of actin, with intense staining indicating a marked actin polymerization: F actin appeared to concentrate either at the leading lamellipodia of the cell or in the cell body immediately behind the nucleus. On FN, Factin staining intensity was less, and its distribution was central, frequently overlying and obscuring the nucleus and extending to the peripheries in a punctate fashion. On LN and Coll, the whole cell was brightly stained but with no focal staining and an essentially round appearance (not shown). Different morphologic and cytoskeletal responses reflect difSerent HC migratory abilities. The polarized morphology observed in HCs bound to VN is typical of the appearances described by others for motile lymphocytes?' Therefore, we used time-lapse video microscopy to examine HC behavior on VN. This analysis confirmed that up to 40% of VN-adherent HCs were motile (the long processes visible in Fig 3A representing the trailing pole [uropod] and the anterior ruffles representing the highly active leading edge [lamellipodium]). In contrast, no migration was observed on LN-or Coll-coated surfaces, whereas on FN some motility was seen but active cell spreading predominated.
To evaluate this migratory behavior for larger cell populations and to complement the image analysis data obtained on two-dimensional (2-D) surface, we tested the ability of HCs to migrate into nitrocellulose filters uniformly coated with the various adhesive proteins. The result of this analysis is shown in Fig 5. Migration was maximal in the case of VN and least for LN. HCs were also able to migrate into 077 uncoated filters, but in all cases this was less than for the protein-coated surface. Fig 4) .
Role of Specific Integrin
Anti-P3-, but not anti-PI-blocking MoAbs inhibit HC migration on VN.
The anti-P3 MoAb (RUU-PL 7F12)" caused a statistically significant reduction in HC migration over VN-coated nitrocellulose filters (Fig 6 ) when compared with the effect of an irrelevent control MoAb (a reduction of 33% 2 8% P < .02). In contrast the anti-p1 MoAb (MoAb 13)" produced no significant reduction (Fig 6) .
Adhesive Proteins Are Dtferentially Expressed in HCL BM and Spleen
To examine the potential in vivo relevance of the HCI ECM interactions described above, the distribution of VN, FN, and LN in HCL BM and spleen was examined immunohistochemically. FN was abundant in BM (see our recent study in Bloodz9), but was much less conspicuous in spleen. (Fig 7) , but was less prominent in BM. LN was confined to the basement membranes of endothelial sinuses (Fig 7) where HCs are frequently found.
DISCUSSION
In this study we have investigated the adhesive and migratory properties of the malignant HCs of HCL. We have clearly shown that the HCs have a characteristic expression of matrix-binding integrins and that these mediate differential binding to specific adhesive proteins found in the ECM. to distinct cell behavioral responses of motility, spreading, or sessility, which are the result of specific adhesive-proteid integrin-receptor interactions.
Central to this study was our demonstration of the adhesive protein binding integrins present on HCs. These are: (~4Pl, a&,, C U , /~~. and a,p3. The first of these, a4pI. is widely expressed on B lymphocytes:" and therefore it is not surprising that HCs express it in significant quantity. On other cell types, the a4 subunit may be expressed in one or more of several isoforms*" and may associate with either PI or p, chains'"; it may also exist in activated or inactive Therefore, these aspects of a4 expression were studied in more detail. First we examined the &chain association of aj and showed that on HCs a4 is associated only with the PI chain. This is despite the expression on HCs of the p7 chain. which has been suggested to be the main p chain associated with a,, on other B-lymphocyte types.'",33
Thus, p7 is expressed on HCs only in the form of aHMI.I/37.
Second, the chain cleavage of the HC a4 was examined, and here we showed that on HCs a4 is expressed mainly in its 160-kD isoform, with small amounts of the cleaved 70/80-kD form and its a4/180 form.'" Although the functional consequences of a,, cleavage are not known,".'" the cleavage has been associated with activation in T cells."' We have previously examined the matrix binding activity of a.@, and shown that the receptor was active in allowing the HCs to bind to FN fragments that exclusively express the a,, binding . . However, there is evidence that aspI and aVp3 may appear on certain B lymphocytes after cell activation. Thus, aspI integrin is not expressed on mature and tonsillar B cells, but mRNA for as appears after activation in vitro" and in certain cell line^,'"^" and the integrin is seen on certain activated tissue-phase B lymphocytes." Recently, a& has also been identified at low levels on a small subgroup of chronic lymphocytic leukemia (CLL) cells, although the functional significance of this was not determined.'" However, avp3 has been reported to be an activation antigen on T cells" and this receptor is also found on certain B-cell lines where its matrix binding activity is clearly related to cell activation.J3 Therefore, it seems likely that the overall integrin expression described here is a consequence of the developmental stage and intrinsically activated nature of the HC. Furthermore, it suggests that the cell is at a stage of development where tissue-phase interactions are important to its biology. This view was further supported by our studies of the adhesion responses of HCs to purified adhesive protein ligands.
The binding affinity of the HCs for different purified adhesive proteins was very consistent between the different cases of HCL examined. Simple expression data cannot address the functional role of the integrin receptors. Therefore, the importance of these different integrin-protein interactions was examined by functional studies. Initially, we studied the morphologic consequences of cell binding to a given substratum.
Light and electron microscopic examination of cell shape was strengthened by the use of image analysis to provide more objective and statistically evaluable data. Three criteria were applied. First, cell area was evaluated; this provided an overall measure of cell spreading. Second, cell elongation was determined to provide an indication of the polarity of the cell population. Third, a combination of cell fiber length and form factor was used to identify polarized cells shown by video microscopy to be actively motile. This measure was then used to allow determination of the number of cells on each surface that approximated to the typical motile cell form.
These analyses defined statistically separable patterns of behavior on the different substrata. Both FN and VN supported pronounced spreading, though this was significantly greater on VN. On FN, the spreading was accompanied by limited elongation and a low number of typical motile cells-"nonpolar spreading." On VN elongation was marked with approximately 30% of all cells being motile-"polar spreading." Responses on LN and Coll were essentially similar, with poor spreading; such cells formed a single statistical group with almost no elongation and less than 5% motile forms.
Time-lapse video-microscopy and filter migration studies confirmed the morphologic findings. The polarized cell form represented true motility, the trailing uropod and leading lamellipodium being typical of leukocyte "crawling" motility well described by others." The nonpolar spreading adhesion observed on FN represented a stationary cell form but with pronounced surface activity and rapid extension and retraction of cell processes. The nonpolar appearances on LN and Coll were associated with low surface activity and no motility. Studies of HC migration into coated filters gave comparable results, although some migration was observed on each surface, and in all cases this exceeded the migration into uncoated filters. These findings support the observations of others that cells may use slightly different mechanisms of migration over 2-D and 3-D surfaces. 44 We next examined integrin engagement in these motile responses. The marked motility and actin polymerization seen on VN in contrast to other surfaces suggested that VNbinding integrins (a,p3 and a,pI) were involved in the motility response. Immunofluorescent examination of integrin distribution showed a polarized distribution of p3 but not p, :
Furthermore, using function-blocking MoAbs we showed that anti-&, but not anti-p, , inhibited HC movement into VN-coated filters. Taken together these data suggest that " -50 '
anti-beta 1 anti-beta 3 a,& is a major motility-inducing integrin of HCs, a concept fully in accord with work relating to other cell ty~es.2.~' The present work does not preclude involvement of the three other HC integrins in the movement response, but in our study they did not promote migration. In particular, we could find no evidence that was involved in the VN-induced HC migration. The other three major HC integrins (a,p,, a5pI, and a&) all primarily react with FN, but how each is precisely involved in the nonpolar spreading of HCs on this substratum remains unclear. On the basis of other work from this de~artment?~ we would, however, suggest that aspL is likely to be involved in the assembly of FN fibrils by HCs.
The present study has shown how different integrin receptors of HCs allow the cells to interact with a variety of adhesive proteins, and that specific behavioral responses result from these interactions. We suggest that these responses are likely to underlie the typical tissue distribution that characterizes HCL. This notion is supported by the known differences in the adhesive protein content of individual normal lymphoreticular t i s s~e s~*~~~" ' and by our immunohistochemical studies that showed markedly different distributions of FN and VN between BM and spleen in HCL patients. Therefore, it seems possible that our results, taken together, indicate that HCs are migratory in the VN-rich environment of HC spleen, but tend to accumulate in the FN-rich BM. However, we recognize that other local factors are also likely to be important in the tissue localization of HCs. For example, it is probable that specific HC/endothelial interactions and local cytokines such as macrophage colony-stimulating factora also play a major role.
Finally, as we have discussed, the integrin receptors that underpin this tissue infiltration are all associated with lymphocyte activation. Therefore, we suggest that the integrin expression and function that we have identified for the HC may be of more general significance to the tissue phase of activated B-lymphocyte function.
